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Abstract: We have examined the stability of collinear equilibrium points in Robe’s  
generalized restricted three body problem. The problem is generalised in the sense that 
more massive  primary has been taken as an oblate spheroid. We have found the position  
of equilibrium  points. We have obtained variational equations of the problem.  
With the help of characteristic roots, we conclude that collinear  points are unstable. 
Robe’s result  may be verified  from the generalised result. 
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1. Introduction  
 
 "Robe's Restricted Three Body Problem", a model considered by Robe (1977), is a 
new kind of Restricted Three Body Problem in which one of the primaries is rigid spherical 
shell m1 filled with a homogeneous incompressible fluid of density ρ1. The second primary 
is a mass point m2 outside the shell and the third body m3 is a small solid sphere of density 
ρ3 inside the shell with the assumption that the mass and radius of m3 are infinitesimally 
small. He has shown the existence of an equilibrium point with m3 at the centre of the shell 
while m2 describes a Keplerian orbit around it. Further, he has discussed the linear stability 
of the equilibrium point for the whole range of parameters occurring in the problem. 
 
 Later on, several authors have studied the Robe's problem. Shrivastava and Garain 
(1991) have studied the effect of small perturbations in the Coriolis and centrifugal forces 
on the location of equilibrium points in the Robe's problem. Plastino and Plastino (1995) 
have considered the Robe's problem by taking the shape of the fluid body as Roches' 
ellipsoid. They have studied the linear stability of the equilibrium solution too. Giordano, 
Plastino and Plastino (1997) have discussed the  effect of drag force on the existence and 
stability of the equilibrium points in Robe's problem. In all the above problems, the 
existence of only one equilibrium point is discussed. Hallan and Rana (2001) established 
that in the Robe's elliptic restricted three body problem, there is only one equilibrium point 
while in the Robe's circular restricted three body problem, there are two, three and infinite 
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number of equilibrium points depending upon the certain values of parameters occurring in 
the problem. 
 
 In this paper we have studied the stability of the libration point in Robe's restricted 
three body problem. The problem is generalised in the sense that bigger primary is taken as 
an oblate spheroid.   
 
2.Stability of Collinear Equilibrium Points  
 
 The equations of motion in he Robe’s generalised restricted three body problem are 
given as  
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The angular velocity is given by 
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 Coordinates of m1 and m2 are (-µ, 0, 0) and (1-µ, 0, 0). The libration points exist 
when 0=Ω=Ω=Ω zyx  
 
We have found the collinear libration point at  
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Here superscript ‘0’ denotes the corresponding value at equilibrium point 
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Equations (6) and (7) may be written as  
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Let the third body of infinitesimal mass be displaced to ( )ζηξ +++ 000 ,, zyx  where 
ζηξ ,,  are very small quantities and ( )000 zyx  is libration point. Using equation (5), the 
variational equations of motion in the linearized form becomes 
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Again, using equations (6), (7) and  (8) we have  
 ( ξηξ ABn 22 +=− &&& )  ,       ( )ηξη ABn −=+ &&& 2 ,   ( )ζζ Ak +−= 2&&              ---- (10) 
 
Now, we consider   where ttt eCeBeA λλλ ζηξ ',',' === ',',' CBA  are very small 
quantities and λ  is a small parameter. 
 
Using the above values in (10), we have from 3rd equation    of (10) 
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which shows that the motion parallel to z axis is stable. 
 
Now, from first two equations of (10), we have, 
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This will have a non trivial solution for A’ and B’ if 
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It is the characteristic equation of problem  
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where D is the discriminate for critical mass µc,  D = 0 
or,  ( ) ( )( ) 02442 22 =+−−−+ ABABnAB
on putting the value of B in above equation we have, 
 
  ( ) ( 2222 2442 AABBnAB −+=−+ )
 
ie. ( ) ( ) ( ){ }2222222 2224442 AknAknnAkn −−+−=−+−  
 
ie. ( ) ( ) ( ){ }222222 222442 AknAknAkn −−+−=−+  
 
ie.  0389 222 =+− knAnA
 
or ( )
18
98
18
8 22 knnA −±=                      ---- (12) 
 
If the positive sign of above equation is considered then, 
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if negative sign is considered 
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putting the value of x from equation (4), we have, 
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taking the positive sign in equation (15) 
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Using the positive value of A is A+ 
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Using the value of A+ (13), we have 
 04
3
4
9
8
1 <

 −+−=++ kAcµ                              ---- (16) 
Similarly using the value of A- in place of A, we get 
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Using the value of A- from (14) 
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Again taking negative sign in (16) 
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Using the value of A+ in place of A in the above equation  
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Again using the value of A- in the equation in place of A 
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which is a very small quantity and liable to be neglected. 
 
 Thus we get the admissible value of critical mass µc++ as deduced in equation (16s) 
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Putting A1 = 0 & k = 0 we get 
9
8−=cµ  which agrees with the result of Robe (1977) the (-) 
sign appears because the value of µ lies on the negative side of origin in the x – axis as 
investigated in the orientation of the configuration. 
Thus  kAc 43
4
10 +−−= µµ  where 9
8
0 =µ  and at  A1 = 0 & k = 0 
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If  00 ≥>≤−<− µµµµ cc or  or cµµ<≤0  
 
we have a range of stability  
And if    cµµ <−≤− 9
8         or   cµµ ≥≥9
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we have a range of instability. 
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